Glycosaminoglycans Induce Amyloid Self-Assembly of a Peptide Hormone by Concerted Secondary and Quaternary Conformational Transitions.
Amyloids are polypeptide supramolecular assemblies that have been historically associated with numerous pathologies. Nonetheless, recent studies have identified many amyloid structures that accomplish vital physiological functions. Interestingly, amyloid fibrils, either pathological or functional, have been reported to be consistently associated with other biomolecules such as RNA and glycosaminoglycans (GAGs). These linear polyanions, RNA and GAGs, have also demonstrated an inherent ability to accelerate and/or promote amyloid formation. GAGs, including heparan sulfate, are highly charged polysaccharides that may have essential roles in the storage of peptide hormones in the form of amyloids. In this study, we evaluated the ability of sulfated GAGs to promote the self-assembly of the peptide (neuro)hormone PACAP27 and investigated the secondary and quaternary conformational transitions associated with the amyloidogenic process. PACAP27 readily self-assembled into insoluble, α-helix-rich globular particulates in the presence of sulfated GAGs, which gradually condensed and disappeared as nontoxic β-sheet-rich amyloid fibrils were formed. By designing a PACAP27 derivative for which helical folding was hindered, we observed that the α-helix-to-β-sheet conformational transition within the amorphous particulates constitutes the rate-limiting step of primary nucleation events. The proposed mechanism of GAG-induced self-assembly within insoluble particulates appears to be fundamentally different from usual amyloidogenic systems, which commonly implicates the formation of soluble prefibrillar proteospecies. Overall, this study provides new insights into the mechanistic details involved in the formation of functional amyloids catalyzed by polyanions, such as the assembly of nuclear amyloid bodies and the storage of peptide hormones.